MECHANICAL CONCEPTS                    125
extremes of propinquity, or concentration of matter, when measured between planets.
It is necessary to point out, however, that a similar range in the mean energetic values of the other factors of energy, such as force, velocity, density, etc., is to be expected as one passes from mechanical to celestial energetics, on the one hand, or to molecular energetics on the other. Yet there is no reason to suppose, from these differences in degree, that the principle of action is at all different. For instance, there has been every reason to suppose that the principles of mechanics were applicable to the explanation of thermal phenomena. And yet, if so, how are the enormous forces which are needed to account for thermal energies to be explained? Thus, one pound of carbon, in the form of coal, by virtue of its separation from 2$ pounds of oxygen in the atmosphere, embodies in the total mass of 3f pounds some 14,600 B.t.u. or 11,360,000 foot-pounds of potential energy. Alb of this is released kinetically upon letting the carbon and oxygen fall together, or "burn." Equating this quantity to the equation for potential energy, in which the quantity-factor M^Mg
would equal   —-— x —-----= o.oo2s8,  it  results  that  S0, the
32.16       32.16
closest distance of approach between carbon and oxygen, must be only about io~l6 inches. But this is much closer than the mean diameter of molecules, as estimated from other sources, has been accepted as being. According to Professor J. J. Thomson, the diameter of the molecule is about 4 X*°~9 inches, while that of the electron is about 4 X io"14 inches.*
From this the conclusion is driven inevitably to one of two things. First, the carbon and oxygen must each be subdivided into particles much smaller than a single molecule, which so penetrate the other's molecular swarms as to attain a mean propinquity far greater than that permitted by molecular diameters. Secondly, the density of mass in the molecular particles is far greater than that of matter as we are familiar with it in the solar system. Probably both statements are true.
This is the equivalent of saying that what has hitherto been considered and measured in diameter as a molecule is not to be considered as a solid homogeneous sphere, but as a multiplex
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